Abstract. The completion of the planned 12 GeV upgrade at Jefferson Lab will open a new avenue for precision studies of the high-x structure of the nucleon through parity-violation in deeplyinelastic scattering (PV-DIS). PV-DIS would be a clean technique for studying quark-level charge symmetry violation, probing higher-twist effects and for a measurement of the structure function ratio d/u at high x. In addition to these topics in hadronic physics, these measurements would also provide access to a linear combination of the poorly measured axial electron-quark weak couplings Ciu and Cid, and thus provide an important test of the electroweak Standard Model.
INTRODUCTION
The measurement of parity-violation in deep-inelastic scattering (PV-DIS) provides both a powerful tool for studying partonic structure of nucleons and nuclei and a unique test of the Standard Model. In particular, this measurement would be sensitive to the poorly measured neutral-weak axial-quark to vector-electron coupling. These couplings are inaccessible in other measurements, leaving PV-DIS from the deuteron as a crucial component for any comprehensive search for physics beyond the Standard Model. PV-DIS will also have great value as a probe of the strong interaction, with sensitive to charge symmetry breaking in the deuteron and, for measurements of PV-DIS on hydrogen, the proton d/u ratio at high x.
A program for exploring these topics has been designed and proposed at Thomas Jefferson National Accelerator Facility [1] . A new spectrometer system is required to provide sufficiently high acceptance, resolution, and background suppression over a broad range of scattering angle. The physics program and experimental techniques are described below.
PARITY VIOLATION AND DEEP INELASTIC SCATTERING
The scattering of polarized electrons from unpolarized targets provides a clean window to study weak neutral current (WNC) interactions. At low values of Q^, the parity-nonconserving WNC amplitude ^2^^ is the leading term in the asymmetry: In deep inelastic kinematics, the asymmetry for scattering polarized electrons from an unpolarized isoscalar target (such as deuterium) can be written
Here the parton distribution functions appear as q^{x) = q(x)±q(x) andj = 1 -E'/E. RLT One of the goals of a precision measurement of Apy would be to test for parityviolating interactions beyond the Standard Model. As suggested by Eqn. 3, Apy is sensitive to a linear combination of fundamental parameters, and a deviation from the asymmetry predicted under the Standard Model may be interpreted as evidence of a new interaction. However, this expression relies both on the assumption of charge symmetry and on the absence of significant higher-twist contributions. The validity of these assumptions must also be tested by a comprehensive program of PV-DIS measurements. The general strategy is to collect sufficient data for a precision measurement of Apy, binned over a broad range of x from 0.3-0.75, with a range of about a factor of two in (fat eachx < 0.6. There is a reasonable expectation that the contribution from charge symmetry violation and higher-twist will grow with increasing x, and along with the strong Q^ signature of higher-twist. This behavior should allow these effects to be separately constrained in a global fit.
Charge symmetry violation (CSV) can be parameterized by two new PDFs: 5u = uP -d" and 5d = dP -u", where M^(") and dP^"^ are the up and down parton distribution functions in the proton (neutron). Non-zero values for 5u and 5d have been suggested in calculations considering QED effects in the Q^ evolution [2, 3] or non-perturbative QCD effects [4, 5] . Corrections to Apy due to CSV enter as the the ratio j^csv ^ ^^y _ §/^y(^ii _| _ ^)_ While 5u and 5d are small, the ratio R'~^''^ can be significant if the CSV PDFs drop more slowly than u and d with increasing x. There is presently no data which can directly test for parton-level CSV at the predicted levels, although these predictions ofR'^^'^ would explain a significant fraction of the discrepancy between the NuTeV [6] result and the Standard Model [7] .
Higher-twist contributions may also contribute, however most effects will contribute equally to the weak and electromagnetic amplitudes and therefore cancel in the asymmetry. Under the assumption of Conserved Vector Current, the one exception to this would be quark-quark correlations [8] , which have not been previously isolated in studies of higher-twist effects. These effects might be apparent at higher x, corresponding the total momentum fraction carried by the correlated quarks together.
Existing spectrometers at JLab will be employed in an exploratory study of PV-DIS [9] , but will lack the kinematic coverage necessary to separate these effects. With a new spectrometer system of the type described below, it will be feasible to collect a set of precise measurements of Apy over a broad kinematic range. Sufficient range in x, g^, and Y can be obtained with a combination of measurements at beam energies of 11 GeV and 6.6 GeV. A global fit on this data could then simultaneously constrain a linear combination of fundamental electroweak parameters M = 2Ciu -C2d+{Y){2C2u -C2d) along with parameterized contributions of R'^^'^ and higher-twist. For the envisioned measurement (7) « 0.85. The corresponding precision on the weak mixing angle sin^ 9w would approach 5(sin^ 9w) ~ 0.0006, comparable to any currently planned low-energy measurement from a hadronic target. The precision on R'^^'^ from this fit is illustrated in Fig. 1 .
For PV-DIS from a proton target at high x, the asymmetry is approximately
A measurement of valence parton distribution functions d/u can be made, binned over a range of x, with a precision of around 2%. The highest bin would be at an average X « 0.7. This determination would not require any nuclear structure correction.
SOLENOIDAL LARGE INTENSITY DEVICE (SoLID)
The program outlined above requires measurements at high luminosity (540 pb^' s^') and with large acceptance over a broad range of polar angles ('-^ 22° -35°) and scattered energies (1) (2) (3) (4) (5) . A new spectrometer, SoLID, has been designed assuming the availability of a large superconducting solenoid, such as those used for the CLEO, BaBar, or DO collider detectors. Collimation and instrumentation has been designed for a spectrometer system capable of making precision asymmetry measurements simultaneously throughout the broad kinematic range of interest.
The detector package will consist of tracking chambers for momentum and scattering angle determination and a gas Cerenkov detector to identify electrons and pions, triggered by an electromagnetic calorimeter. A series of 6 baffling collimators will block line-of-sight from the target to the detectors and intercept low momentum tracks which bend too quickly in the high axial magnetic field. The spectrometer design has been simulated under GEANT3, studying electromagnetic and pion backgrounds, acceptance, resolution and radiative losses. The BaBar solenoid was used as a model, with the field calculated using a redesigned yoke to reduce magnetic field in the region of the detectors. The trigger rate is expected to be on order of '-^220 kHz, including electromagnetic and pion backgrounds, which is manageable with the detector segmentation and pipeline electronics. GEM chambers will be required for tracking in areas of highest rate density, while straw tubes are planned for the larger tracking chambers. Acceptance, averaged around the azimuth, approaches 40% for the highest angle tracks. The kinematics of DIS events can be determined with sufficient precision, with ^^ 1.5 mrad resolution on scattering angle and 2-3 %o momentum resolution.
The program described above will also require electron beam polarimetry at the level of 0.4%o. Compton polarimetry has been reported with a precision of 0.5%o [10] , and it may be that polarimetry using single-photon-detection mode will allow some further improvement. Moller polarimetry [11] using an ultra-cold trapped polarized atomic hydrogen target shows potential for similarly high precision. In combination, these promising techniques should enable robust and credible polarimetry at the level required for this ambitious program.
